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This paper studies the force control in an electro-hydraulic system that controls the hydraulic oil flow
rate using a gear pump whose speed is regulated by an AC servo motor. The time response performance
and power consumption of the proportional valve flow control system and the pump flow control system
driven by AC servo motor were compared. The proposed system comprises an AC servo driven power
unit that controls motor speed, a proportional hydraulic directional and flow control valve, and a hydraulic
cylinder. A computer was used to control the electro-hydraulic system. A PID controller was used to control
the valve operation and the motor speed that drives the pump. Both systems were subjected to 3 types of
reference force signals which are a step force signal at 2,500 N, a sinusoidal force signal ranging from
1,500 N to 3,500 N at 0.2 Hz, and a square force signal ranging from 1,500 N to 3,500 N at 0.2 Hz. This
results indicate that the pump flow control system driven by AC servo motor exhibited more accurate rise
time, setting time, and steady state error responses compared to the proportional valve flow control system.
However, it has an overshoot that is less favorable. The power consumption of the pump flow control

system driven by AC servo motor was significantly lower than the proportional valve flow control system.
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Table 1 The specifications of the electro-hydraulic system components

Hydraulic gear pump

Manufacturer:

Volumetric displacement: 11 cclrev

Honor 2GG1U11R

Ac servo motor

Manufacturer: Delta
Model: ECMA-E2135RS
Output: 2,000 rpm 7.16 Nm 1.5 Kw

Directional control valve

Manufacturer:

Tokimec COM-3-33C-30-AN-11

Type: 4/3 Proportional

Double acting cylinder

Bore / Rod: 40 cm /28 cm
Stroke: 50 cm

Load cell

Manufacturer: Zega

Type: S-type, 500 kg
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Table 2 Power Consumption

Step Sine Square
Valve Pump Valve Pump Valve Pump
Power (KWh) 0.024 0.011 0.023 0.005 0.019 0.008
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